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SUMMARY

“\3ix rvecent graduates of initial rotary wing training flew a UH-1H helicopter fur up to
4 hours while wearing each of three clothing ensembles, Each avi-tor wore the staadard
flight suit, the US chemical defense {CD)} ensemble, and the United Kingdem (UK} TD ensemble
in hot weather (mean WBGT 29°C). Skin temperatures {chest, thigh, upper arm, and calf),
rectal temperature, heart rate, and preflight and postflight body weights were recorded.
Cognitive testing was conducted preflight, postflight, and on non-flight days. Aviator
performance Weasures were also obtained during flight,

Well acclimatized aviators were able to fly st least 2 hours without serious physiolog-
icel impairment. Three of the six aviators terminated flight for medical reasons (heart
rates »140 bpm or nausea) while wearing the US easemble. In this study the susceptible
subjects tended to be older and heavier, Heart rate was judged to be the most sensitive
indicator of heat stress.

Cognitive testing and flight performance data obtained during this exercise did not
demonstrate changes as a function of the type of flight ensemble worn durimg the test, nor
did flight performance serve as 2 predictor of heat stress., Further investigations arxe
required to verify the validity of these measures as indicators of heat loading in the
operational setting.q\
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INTRODUCTION

Intelligence ¢xperts assessing the source and strength of the enemy threat have postu-
lated that the initial battle of the next war will be mid-intensity in scope, with enemy
offensive operations directed at targets of opportunity in an sttempt to seize and hold
strategic natural, industrial, and military resources, These resources will thenr be
utilized as a base from which to extend and increase the tempo of more massive continuocus
operations or as a settlement for a suspension of such hostilities. Enemy deployment will
be directed against carefully chosen points, thus ensuring the potential for maximum
penetration in these selected areas, The enemy will pursue the battle both day and night,
permitting no periods for alljed defense reinforcement, resupply, and reorgamization.
Weather ard darkness will influence both enemy and allied activity during the battle, but
their effect will be of diminishing importance as technological advances are applied to

tactical problems and resultant havdware is fielded,

The projected duration of this first enemy surge is estimated to be from 1 to 3
days. That is, intelligence estimates are that the encmy will have achieved its imitial
abjectives or its offensive activity will be neutralized within tnis time period after
initial contact. A ready and immediately responsive force must be available on site to
halt thg eneny's advance, take the injtiative, snd cegin counteroffensive operations as
required.

1f allied forces are sufficient to halt enemy advances on at least selected fronts,
the character of the war will change. Around-the-clock operations will continue, but
the enemy will seek to utilize the mobility of its ground and air forces to assure maximum
penetration st points which arc considered to e2xhibit the least amount of defense activity.
These operations will also be directed at rear echelon areas in an attempt to disrupt or
destroy allied communications, command and control, and rearm and resupply centers which
are vital for sustained soldier and weapons support, The character of these highly mobile
operations will require a defense posture which permits rapid allied force massing at
these paints simultaneous with enemy buildup. Continuous operations will, of necessity,
require the utmost from both wen and materiel; and attrition, from not only hostile fire
but task overload and fatigue, must be considered when determining defense strength
requirements,

Current military doctrine cails for extensive use of the helicopter for suppert,
mobility, and fire power to counter the enemy threat, Army aviation units will partici-
pate in combined avms cperations by providing highly maneuverable anti-armer fire power
and light artillery mobility, as well as trcop resupply, communications, and medical
evacuation, These missions may need to be accomplished in spite of highly effective
air defense artillery threat and/or under conditions where the enemy enjoys
air superiority. To counter this threat, Army doctrine requires that rotary wing flight
be conducted a5 close to the earth's surface as possible in the combat enviremment. It
has also been recognized that, unlike previous combat situations where the majority of
tactical flight was accompliished in daylight, a significant amount of night terrain
flight will be required in order to gffectively complete the avistion mission.
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The scenaric which has been discussed to this point delineates a very fluid, rapidly
changing, viclent battlefield environment where maximally efficient use of combat
Tesources is vital for both tactical and strategic success. Recent intelligence and
published changes in Warsaw Pact Military Doctrine require significant additions to this
threat scenario which serve 1o increase exponentially the problems for the combat
aviator. Although the threat of both strategic and tactical weapons as well as chemical
weapons has been considered im US military doctrine, the latter has not received emphasis
until recently when public attention was focused on their deployment and use by the
Soviets and their counterparts in Southeast Asia and Afghanistan.

In March 1982, then Secretary of State Alexander Haig provided a comprehensive report
on this subject to the Congress. The following is an excerpt from this report.

“Evidence accumulated since World War II clearly shows that the Soviets have been
extensively involved in preparations for large-scale offensive and defensive
chemical warfare. Chemical warfare agents and delivery systems developed by the
Soviets have been identified, along with production and storage areas within the
USSR and continuing research, development, and testing activities at the major
Soviet chemical proving grounds. Soviet military forces are extensively equipped
and trained for operations in a chemically contaminated envivonment. The Soviets
have shown a strong interest in improving or enhancing their standard agents for
greater relisbility and effect. Their large chemical and biological development
effort has led them te investigate other kinds of chemical warfare agents,
particularly the toxims."?

Based on Soviet activity and do¢trine, it is likely that US Army aviators will be
exposed to chemical agents both in flight and on the Eround during the next war.' On
such a battlefield the aviator will be at serious risk. To counter this threat, aircrews
will be required to wear chemical defense (CD) ensembles on a continuous basis during
the performance of their mission, The sbility of the pilot to effectively operate his
aircraft while in a (D ensemble and sustain such performance is a critical element of
mission success on the chemically contaminated battliefield.

Current CD ensembles impose physioclogical limitations such as restrictions to pulmonary
function, impairment of thermoregulatory mechanisms, and physical limitations such as
impaired vision, limited manual dexterity," and distorted communications. The pulmo-
nary funcetion restriction is due to breathing resistance caused by the charcesl filter
through which the aviator must breathe, The thermoregulatory impairmsent is caused by the
increase in insulation around the man due to the thickness of the CD ensemble. Heat
related problems vary in severity from the trivisl tc the deadly; i.e., heat cramps, heat
exhaustion, heat pyrexia, and heat stryoke. Visual restrictions are caused by present mask
design; i.e., narrowed field of view, reduced peripheral vision, and distortion caused by
optical faceplate characteristics.® Limited manual dexterity is due to the bulkiness of
butyl rubber gloves which must be worn over standard Nomex flight gloves. This reductien
in dexterity creates the potemtial for degraded performence of inflight emergency
procedures such as resetting circuit breakers and/or moving switches while maintaining
aircraft control. The ability to communicate both inside and outside the aircraft is
critical for safety and mission accomplishment, The present US aviator's mask does not
have a voice emitter; therefore, communications outside during preflight, refueling, and
rearming are difficult.® The combination of these factors may substantially limit
aviator performance and reduce cfficient mission accomplishment.

Thus, in reviewing the potential battlefield envitonment and the aircrew requirements
for survival and optimum missicn accomplishment, tactical glanners and field commanders
are faced with a further dilemma, Succinctly, given the already substantial physiological
cost of human staying powsT for sustained and continucus operations, what is the impact
¢created by the further requirement to fight and survive on the chenically contaminated
battlefield?

In an attempt to gain insight into the performance potential of aviators operating
under the constraints of CD ensembles, the US Army Aeromedical Research Laboratory (USAARL)
conducted a controlled flight exercise in the summer of 1981. Detailed descripticns of
this research exercise are provided in USAARL Reports 82-9,7 83-4,°% and 83-6.° The
specific purpose was to assess pilot physiological, cognitive, and flifht performance in
a2 standard flight suit as compared with the current United Kingdom (UX) and the US CD
ensembles when worn in a hot environment. The remainder of this paper will delineate
the method and procedures utilized for the test and discuss the results obtained on
selected factors of performance, physiology, and cognitive function.
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METHOD i

Six male volunteer aviators flew a JUH-1H helicopter while wearing each of three
ensembles: the standard US Army Nomex flight suit (ST), the US Army aircrew chemical
defense ensemble (i), or the United Kingdom aitcrew chemical defense ensemble (UK).

Each day the subjects wore a different suit/ensemble snd the order in which the suits

were flown was counterbalanced for order-of-wear effects. Subjects were asked to fly

4 hours per day on 3 alternating days. During each flight, they were asked to fly a

series of maneuvers repetitively. The series consisted of a 50-foot out-of-ground-effect
hover, a lateral hover exercise, and a precision flight maneuver. The series took about

40 minutes to complete and was repeated until the 4 hours were finished or the flight was
terminated because the subject exceeded established heat safety criteria. These safety
limits were: heart rate >140 beats per minute (bpm} for 15 minutes, core temperature
>38.59C or mean skin temperature within 0.3°C of core temperature.'® ' Table 1 represents
a listing of the physiological measures taken during the flight days. A1l data were

recorded on magnetic tape via a Helicopter Inflight Monitoring System (HIMS) for later
analysis.

TABLE 1
PHYSIOLOGICAL PARAMETERS

. Temperature - Skin/Rectal/WBGT }

. Body Weight - Before/After
. Heart Rate

. Body Fluids - Blood/Urine

The information on heart rate, skin and rectal temperature, and Wet Bulb Globe Teap-
erature (WBGT) was checked routinely by a medical observer to assure compliance with
safety criteria.

Each subject spent from Sunday evening through Friday afternoon at USAARL's remote
research facility. All meals were prepared under the direction of a dietitian to
minimize weight gain/loss. Blood samples were taken on Thursday prior to the flight
week and on Friday afterncen after the last flight. Urine specimens were collected and
stored for later analysis. Before and after flight and at the same time on rest days,
each subject completed 2 psychomotor/cognitive test using & microcomputer. ©On flight ﬂ
days, each subject was weighed before and after his fiight as were pieces of the ensemble #‘[
50 that the accumulation of csweat within the ensenble could be measured. After applica-
tion of temperature and electrocardiograph (ECG) sensors, the subject was weighed., After i
donning the ensemble he was reweighed and his vital signs recorded. He then proceeded to ! !
the aircraft which was parked near the facility with rotor blades turning. In order to :
minimize initial heat loading, the subject was not required to perform preflight checks
but immediately entered the aircraft and executed the flight maneuvers ss instructed by
the safety pilot.

After one hour of flight the subject was provided water to drink. The guantity of
water consumed by the subject was recorded. At the 2-hour mark, the helicopter returned
to the landing field for refueling. The subject exited the aircraft and walked to an
area adjacent to the research facility where he sat in the shade and again drank water.
After refueling, the subject resumed flying. After 4 hours, or sconer if the subject
exceeded safety criteria, the subject returned to the research fscility. Following the
flight, the subject's vital signs were recorded and he was weighed before and after ) ]
doffing the ensemble,

LE
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RESULTS AND DISCUSSION -

Physiclogical Factors

Total time, as shown in Table 2, covers the time from domning the ensemble through
the flight to doffing the ensemble, The mean total time across subjects for the ST suit
was 4.66 hours, for the UK ensemble, 4.19 hours, and for the US ensemble, 4.00 hours.
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TABLE 2
TOTAL TIME 1IN UNIFORM (HOURS)

SUIT
SUBJECT ST us UK
A 4.68 4.65 2.83*
B 4.43 4.65 4.28
C 4,58 2.93% 3.38
Y 4.97 2.87 4.92
E 4.68 4.40 2.33%
F § 3.42 3.12%
MEAN (3D} # 4,60 (0.20) 4.00 (0.81) 4.19 {0.77)

*F1ight terminated prematurely due to application ol overly conserva-

tive safety criteris relating to convergence of skin and rectal
temperature.

+Flight shortened by weather.
§Flight not flown due to weather.
#Means do not include items marked # and t.

The second measure of exposure was flying time taken from the time of entering the
aircraft until termination of the last flight, including water and rafueling breaks. As
shown in Table 3, mean flving times were shortest in the US ensemble (3.17 hours),
longer in the UK ensemble (3.79 hours), and the lomgest in the ST suit (3.89 hours}.

TABLE 3

FLYING TIME (HOURS)

SUIT

SUBJECT ST us UK
A 4.03 3.28¢ 2.12¢
B 3.75 3.80 3.65
Cc 3.95 1.87§ 3.73
b 3.83 2.25*% 4.00
E 3,004 3.75 1.7588
F -§ Z.75% 2.638

Mean®? 3.88 3.17 3.79

+30 .12 .66 .18

*Terminated T1ights for exceeding medical safety 1imits of volun-
tarily while near safety limits.
tTerminated early due to overly conservative safety criteria

relating to convergence of skin and rectal temperatures.
§Weather

#Precautionary landing.
**Means do not include items marked +, §, and #.

These means include two subjects terminated by the medical observer for heart rates ex-
ceeding 140 bpm and one subject who withdrew while wearing the US ensemble because he was
weak and nauseovs. This subject's mean heart rate was 135 bpm with peaks above 140 bpm
at withdrawal. No other subject terminated flight early for medicdl reasons.

One of the consequences of flying in hot weather is the loss of large amounts of L
sweat as the body attempts to cool itself by convective means. Sweat loss becomes criti-
cally important if it results in appreciable dehydration.
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) Taple 4 presents both the uncorrected weight less, weight (before}-weight {after)
which is indicative of the relative dehydration of the pilot and the corrected weight
loss, weight (before}+water-urine-weight (after}, which is indicative of sweat loss.

The mean corrected weight loss for the ST suit was 0.95 kg; for the US ensemble,
1.28 kg; and for the UK ensemble, 1.43 kg. As judged by the uncorrected weight loss, the
state of dehydration was slight in the 8T suit and the US ensemble while the UK ensemble
showed a more substantial dehydration effect.
TABLE 4

WiIGHT LOSS {kp) CORRECTED FOR WATER INTAKE

SulT
ST us UK
Subject Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected
A +.15 -.46 +1.28 +.10 -1.00 -1.81¢
B -.05 0.61 -.80 -2.18 ~1,.94 -2.70
c -.72 -1.48 -,50% -§ +.01 -.60
b -.62 -1.49 -.17 ~1.25 ~.35 ~1.00
E -.30 -.71 -.51 -1.73 -.93 -1.261
¥ - -F -.39 -1.37 -.8¢ -1.12%
Mean ~.351 -.85 -.12 -1.29 -.81 -1.43
+SD 6.37 0.50 0.81 9.86 0.73 1.12
T ®Gain = (*), Joss = (-}.

+“Not imcluded in mean. Flights shortened or not flown (subject F) due to weather
or aborted too early (subject A) due to overly conservative safety criteria
relating to convergence of skin and rectal temperature, Corrected WI = WT
{before) + water - urine - WT {after).

§Kater consudption data incomplete.

TABLE §
WATER CONSUMPTION (kg)

SUIT
Subject ST us ux
A 0.608 1.358 0.808*
B 0.831 1.383 0.885
C 0,769 -t 0.614
D 0,866 1.078 G.647
E 0.413 1.221 0.532¢
F -+ 0,982 0.315%
Mean$§ 0.70 1.20 0.72
+SD 0.19 0.17 0.15

¥Tabject terminated early due to overly conservative safsty Cri-
teriz rolating to convergence of skin to rectal temperature.
+Missing or sltered data due to weather.

§Data not included in means marked with * and +.

.
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The water consumed ad 1initum by the pilois is referenced in Table 5. On the average,

pilots consumed equivalént amounts of water while wesring the standard flight suit and
UK ensemble, but they consumed almost twice as much while wearing the US ensemble.
TABLE &

WEIGHT CHANGE OF UNIFORM {(kg)

SYUIT

Subject 8T us Ux
A 0.211 0.514 0,343%
B (6.114)% 0,594 1.007
C {0.073) 0.303* {0.017)
i} (0.120} 1,283 0.22%
E 0.086 1.192 0.498%
F -* 0.511 G.438%
Mean -0.002 0.821 0.406
+8D 0.145 0.388 0.535

Retained in Uniform§ U.Zt. 64% 8%

*Not inciuded in Means. Flights shortened of Bot FIown (subject ¥)
due to weather or aborted too early {subject A) due to overly con-
servative safety criteria related to convergence of skin and rectal
temperature.

T Weight loss during flight.

5 WT Change in Uniform X 100
Torrected Wi Loss (IaEIe 55

Sweat which is lost from the body will either evaporate, drip off, or be absorbed by
the ensemble. Table 6 presents a summary of the weight changes in the uniforms, pre-
sumably attributable to the absorption of sweat. The 5T suit lost an average of 0.002 kg
while the US and UK ensembles gained 0.821 and 0,406 kg, respactively. When comparad to
the corrected weight loss, the ST suit retained essentially none of the available sweat
vhile both the UK and US retained considerably morve.

Since heat stress was a major concern in this exercise, the physiological measures
concentrated on temperature changes and heart rate chan§es as a function of time. The
suits were exposed to mean WGBTs of 28.929C (5T), 29.29%C (US), and 29.019C (UX}. These
WBGT readings were measured at the pilot station within the aircraft.

To illustrate the effects encountered during this exercise, consider Figures 1, 2,
3, and 4, Figures 1 gnd 2 show the rectal temperature and heart rate for one subject as
a function of time while wearing each of the tgree ensembles. His core temperature
remained stable in the ST and UK emsembles, while it showed # continuing rise after the
refueling stop in the US ensemble. His heart rate (Figure 2) showed a similar pattern
with mean beart rates for ST (83.4) and UK (98.4) generally stable with small fluctuations
presumsbly driven by moment-to-momeént stresses of flight, while the heart rate in the US
ensemble showed a substantial rise subsequent to the refueling stop after 2 hours of
fiight. This rising heart rate resulted in the termination of one subject's flight after
3.28 hours for exceeding safety limits (HR>140bpm).
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FIGURE 1. Plot of Rectal Tempersture as a ¥unction of Flight Time.

BT = before takeoff, AL +» after landing, p—..—.y~ time of precision
fiight maneuver, and blank = time of 50-foor hover and }steral hover

! exercise, ST = standard one-plece flight suit, U5 = US chemical
defense ensemble, and UK = United Kingdowm (D ensemble. BRefueling

took place between 1054 and 1119 hours. Data plotted every S minutes.
Subject abarted flight in US for heart rate >140 bpm. He was rermi-
nated early for an overly comserviative criteriom of convergence of
chest and rectal etempevature while wearing UK.
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FIGURE 2. Heart Rate as g Function of Flight Time. Data plotted
every § mihutes except during refueling which occurred between
1054 and 1119 hours. Same flights as depicted in Figure 4.
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By way of contrast, consider the same information from snother subject who flew the
same days (Figures 3 and 4}. This second subject flew all three ensembies for the regquired
period of time: ST=3.75, US=3,80, and UX=3.65 hours. His rectal temperature in the U§
ensemble rose after the refueling stop but, uniike the other subject, did not continue to
rise during the subsequent flight. His corresponding heart rate did not rise so he was
sble to continue to fly.
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FIGURE 3. Rectal Temperatures as a Function of Flight Time. Refuel-
;ng gccurred between 1525 and 1547 hours. Subject E17B completed all
lights,
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FIGURE 4. Heart Rate as a Function of Flight Time. Refueling took
place between 1525 and 1547 hours. Dotted line indicates missing
dats due to noisy e¢lectrodes during flight with ST suit. Al heart
rates were well below safety cutoff of 140 bpm.
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in an effort to follow the physioclogical behavior of the six subjects as a growp,
mean rectal temperatures are plotted sacross time in Figure 5. Data presented here shows :
that up to 2 hours in esch enserble produced only minor changas in rectal temperature. 4
The US ensemble showed a stable mean core temperature; the UK tended to cool off; and ¥

way to look at the effect of flying in various ensembles on heart rate 1s to determine the i E
change in rate from baseline and the mean heart rate during the last few minutes of flight.
These changes in heart rate {Table 7) indicate that the standard uniform is least stressful
with & mean increase of 9.3 bpm followed by the UK uniform with 2 mean increase of 27.8 bpm. ;
The.US ensembie exhibited a 48.35 bpm increase over beseline. .

&

the ST tended to warm up slightly. A¢$ mentioned previously, after the 2-hour refueling,
a substantial rise in mean cove temperature was measuved for the US ensembie.
. 2
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: FIGURE 5. Rectal Temperature vs Time for Eachk
; Suit. indicates a water break and .
} indicates a refueling and water break. * indicates
i drep out of subjects (US) from the initial 6 to 5
; to 3 to 2. Beginning with the 2-hour peoint, all
H succeeding points on the UK curve represent data {
! g from three subjects except the last which repre- &
: septs data from two.
§ Perhaps a less direct, but mere sensitive indicator of heat stress is heart rate. One
|
!
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TABLE 7 s
CHANGE IN HEART RATE (MR) OVER BASELINE

Change im HR

i SUIT
. Subject Baseline HR 5T Us UK
* A 80 3.6 43.8* 17.74
; E 75 8.4 1.2 13.2
i ¢ 73 -2.1 2304 25.4
2 ) 70 1.7 71.1% 44.7
i E 60 17.0 46.2 32.0+
i E 76 t 54,08 33.0¢
Mean 9.3 48.5 7.8
+SD 9.2 18.0 15.9

FreTiinated by medical observer (RR >140).

+Not included in means. Flights shortened or not flown
(subject F) due to westheT or aborted oo early (subject A)
due to overly conservative ¢riterion regarding comvergence
of skin and rectal temperature.

$Terminated flight by self; subject had high HR, nausea, and
weakness.
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¥hen tested for the usual spectrum of factors (SMALIR), the pre- and poststudy blo
samples showed no rvemarkable changes. Thus, the level Qf’styasg experiegced by {helssg-
jects waz transient snd imsufficient teo cause major shifts in bicod chemistry. Likewise,
there was ne shift in urine osmolality indicative of dehydration; although théve was a
zgndeniydfor pilots to void greater than normal volumes of urine containiang excess sodium
Tes a¥S .

Taken together, these biochemical measures suggest that as s group, the pllots were
pot stressed to any grest cxtent. Ome would expect, however, that had we asked the pliots
to fiy more demanding scensrios for lomger pericds of time, their physioclogical and bio-
chemical parvameters would have reflected the increased stress and workload.

Cognitive Fagiors

psychelogical and psychomotor tests consisted of subtestis selected from the perfom- )
ance Assessment Battery (PAB) davelopad by the Divisiown of Neuvopsychiatry, Walter
Reed Arsy Institute of Research (WRAIR). These tests were a&nin?stered to all subjects !
{r;gr to suitigg up for flight and as scon after flight as possible. The follewiag sub- [
ests were used:

Mood Scale., Subjects were asked to rate their agresment to 65 mood descriptors
{such 58S Tanxious®) on a 1 (none) to § (extreme) scale. Ovder of presentstion wss
randomized for each rest with some words repeated as contyols.

Fecling/Tone.'® Subjects weTre asked to rate their current Yevel of fatigue by
stating whether or anot they felt "better than,” "same as,” or “worse than~ the activity
level descripter.

Encnde[ﬁecode.f“ Subjects were given an arbitrary coding system which rolated
letiers to two-digit numbers and were asked to encode or decode purported map coordinates
sccording to a set of simple rules. They were te do as many as possible in 2 winutes.

Target Recognition.'’ Subjects were given two target letters shd asked to deter-
ming if Doth Jetters occurred in a list of 30 letters or if one or both letters did not
occur in the list. They were to do as many as possible in 2 minutes.

Logicsl Reasoning.'® Suhjects were givem a3 sentence which claimed to describe the
order of The two letters (AB or BA} which followed the sentence. Their task was to deter-
mine if the order described was the same as that given. They were to complete us maay as
pessible in Z winutes.

Serial Math.!? Subjects were asked to watch a briefly presented string of charac-
ters [approximately .25 second per character). “The first two were nymbers in the range of
sern to nine with the third charscter being an add or subtract sign. The task was to per- i
form the operation on the numbers and either add or subtract 10 from the result if the o
results wet certain criteria. Subjects were to complete as many problems as pessible in !
2 minutes.

Reaction Time.!? Subjects were presented with a four-choice resction time task. A
This task presented the subject with four lights arranged in a squarc patiern. The sub-
ject*s task was to detersipe which light was illuminated and press the button im the
corresponding position as quickly as possible. The task was presented repetitvively for
8 minutes,

Subtests of PAB were scoTed by computer for the number atgempted, percent corvect,
reaction time to correct respensz (RTcor), and reaction tize to §a incorregt respouse
{RTerr). Information on mood +«as Zoaverted into mean score in the categories of mood
(good to bsd), nostility (friendiy to hostile), happiness (happy to nnhapp{) and depres-
sion (in-the-dusps to on-top-of-the-world). Sinmce perforpance is susceptible to circadian
changes" as well as to individual differences, direct comparison of the data is diffi- ]
cult to interpret. In order to control for these outside influences, the raw data wers
converted into percent of change from baseline (pretest) using the formula (A-B)/B where A
B was the pretest score and A the posttest scoTe. In this manner, any one experimental s
manipulation was rvepresented Dy a percent of change scure which was the composite of the i
pretest and posttest scores. Positive scores ipdicate increases in gnsttest SCOTES OVET X -
pretest scores, Evalustion of this number required Teferesace to either control or experi-
ment3l data dependent upon the compsrison desired,

Statistical significance was determined by means of a Randomized Block ANOVA with
Repiicstes ** The factors used were percent change from baseline on control days, ST suit
gays, UK CD ensemble days, apd US CD ensemble days. None of the subtests of PAB exceeded
the p=,0% value and it was conciuded that there wexe no statistically significant effects

e

sscociated with any of the factors. Similarly, self-veport of wood failed to show any
significant differences across factors,
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The purpertc. -tressor in this study wes hest. Aaslysis of the physioslopical deta
revealed that —njects showed martedly different physicvlogical responses to the experi-
mental conli.aons. Therefore, esperimentsl data were divided into three cstegories
irrespective of 2uit and based sclely upon physiological response. The thvee cstegoriss
selected were slight, modereate, and severe heat stress. Flacement into 8 CRISFOYY was
determined by a physiolegist whe had ne knowledge of the outcome of the psychelogical
iesting and was given only the cstegory titles, "siight,” “moderate,” and “severe,™
without specific placement <riteria. The convention adopted was that subjects withdrawn
from an experimental condition because they exceeded hest and/or sezfety criteria would
be iudped as severely heat-stressed subjects, those with consistentiy elevaled Pesart
rates 9 temperatures but less than the hest saufety crirerias wovld be judged ss wodevately
heat-sivessed, and the remaining would be judged gs slightiv heat-stressed. Accordingly,
three instances of severe heat stress, seven instances of poderpie heat stress, snd six
instances of slight heet siress were idemtified. (Twe flights weve not flows because of

inclement westher.)}

The dats for these groups as well as for the nonflight {contrel} davs were averaged
and are presented by subtest. These arbitrary groupings crossed the original group bounds
and left threg proups which were composed of partiz) replicates of uneauwal size, sad
generally viclated most essumptions concerring population homegencity. The resulis are,
therefore, trends without statistica) confirmastion,

Tadble § presents the percent of change data for the logical reasoming test. Again,
pesitive pervemtagez indicete incvessed posttest scores rejutive to the pretest and
negative percentages indicsted decreased posttest scevres relative to the pretest. The
most notable featuves are the slight changes in accuracy (percert correct) and the large
changes in Teacrion time to an incerrect response {RTerr) a5 oppused to the s=all changes
in reaction time to correct response (RTcor).

TABLE &
PERCENT CHANGE 1IN LOGICAL RTASONING YESTS

NUMBER PERCERT ’Y RY
ATTEMPTED  CORRFCT CORRECY ERROR
CONTROL 2.9 -2.8 1.0 -17.¢
SLIGHT 5.0 2.0 a.4 20,0
HODERAYE 3.0 3.0 -i1.¢ -3.4a
SEVERE 2.9 1.2 -3.0 -13.0

RT = HResctiop time

Similar data is presented in Table 9 for the target vecognition task, The data
indicate a greater degree of change in sccuracy than in the logical reasoning test.
RTerr changed by approximately the same magnitude as in the lsgical ressaning test but
in the oppoesite divection, towards longer deliberations,

-,

L TABLE 9

5
. PERCENT CHANGE IN TARGET RECOGNITION TESTS
-
i NUMBER PERCENT RT RT

ATTEMPTED CORRECT  CORRECT  ERROR

, CONTROL 5.0 -1.0 -2.0 -29.4
4 SLIGHT 7.0 2.0 -9.0 -29.0
; MODERATE 2.6 3.0 -7.0 *
: SEVERF -1.8 -5.0 -6.0 26.0

§ *Kot computable
: RT = Reaction time

Table 10 prescnts the results of the serial math test. Accuracy in this test was
not &s sensitive to the imposed heat stress as the previous tests., RTcor and RTerr both
showed changes with the severely stressed group working correct answers faster shile
working incorrect answers slower.
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TABLE 1O
PERCENY CHANGE IR SFRYAL MATH TESTS

KUMBER PYRCENY RT BT
ATYEMPTED CCRRECY  CORRECY  FRROR

CONTROL ~2.4 -1.9 =50 51.8
SLIGHT .0 6.0 5.0 3.9
MODERATR 5.0 6.8 -7.4 18,8
SEVERE 16.9 4.0 ~19.0 7.8

BT = Reaction fime
The data for the encodefdecede test are summarized im Table 13. Accuracy showed

sizilar changes ip this test 33 in the previous tests, but smagnivude of change was not
a5 great as in the serial math test, RTcor 3)so demonstrated smaller changes than

previously seen.

TABLE 11
PERCENT CHANGE IR ENCODE/DECODRE TESTS

NUMBER PERCENT 03 RY

ATTEMPYED CORRECT  CORRECY BRROR
SLICGHT 8.0 5.8 -6.0 *
MCDERATE 7.0 4.9 4.9 *
SEVERY -5.0 -2.0 -4.0 =

TNet Tosputable
KT = Reaction time

As expected psychomotor behavior was relatively imsensitive to the acute effects ef
the hent stress. Despite the small degree of change (Table 12}, accuracy was down in
the severely heat stressed group. Ricor znd RTery changed differently from easch other,
with correct responses being emitted slower while RTerr being emitted gquicker due to

<evere heat stress,

TABLE 12
PERCENT CHANGE IN REACTION TIME TESTS

NUMBER PERCENT RT RY
ATTEMPTED CORRECT  CORRECT ERROR
CONTROL 3.0 0.6 -3.0 it.¢
SLIGHT 2.8 2.0 -3.8 6.8
MODERATE 9.0 1.0 -1.0 6.4
SEVERE -2.0 6.0 3.4 -10.0

RT = Reaction time

Mood dats were idiosyncratic and varied independently of the stress encountered.
Tigure & presents the zctivation and mood scores for the three subjects in the severe
stress group. As can be seen, some subjects veported changes while cthers reported no
changes. All subjects seemed to be less active and in 2 worse mood after the severe heat
stress condition, but by widely differing amounmts.
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7 B (Before)
A {After)

TIGURE 6. Scaled Self-Repurts of Mood of Severely
Hegt-Stressed Subjects. B represents the preflight »
report, A the postflight report, and N no change,

These vesults cannot support the pesition that psycholegical/psychomotor function
varied systematically as a function of the type of (D ensemble worn while flying., How- .
ever, if the grouping of subjects into the arbitrary clusses of slightly, moderately, y
. and severely heat stressed is accepted, then trends emerge which the author believes are )
; systematic and confirm the applicability of laboratory investigations of heat stress to : -
the aviation setting.

: The data teported here suggest that slight heat stress increases performance over :
control levels?! and that this improvement is eliminated by more severe heat stress.??

i These results are probably conservative due te the intervention of an unavoidable

i recovery period between exposure and posttesting. Without arguing the sigrificance of

! changes in performance {number attempted and percent correct) or their operational sig-

! nificance. The effect upon rveaction time which terminasted in erroxr (RTerr) was clearly
i anomaleus. During one test {target detection), subjects spent a great deal mere time

! than expected working on the solution without being able to find the correct snswer,
Other tests (e.g., logical reasoning) showed that subjects made errors without working
on the problem for as long as expected. In other words, when subjects were severely
hzat-stressed, they either could not provide the correct answer despite extra effort

or could not recognize that additional consideration was necessary. The conclusion that
subjects failed to adequately consider the problem at hand is based upon the fact that
response latencies were shorteaed without a concomitant incresss in error rates. The
possibility that subjects chose not to answer a particular question and in that fashion ﬂ ]
shortened response lutencies could not be ruled out. This result has previously been .
renorted by Colquhdun and Goldman?3 -
L4
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Self-report of mood vari:d widely across the severely heat stressed subjects. This
lack of comsistency between self-report and heat stress is not unusual. W¥hen describing L A
their hehavior, people follow rules which are more in keeping with their Social environ- H
ment than their internal state,?! Some people will follow the rule that states that the
cffect of exposura to heat is to slow response times and reduce performance levels. Others !
follow the rule that a “can do" attitude is important to maintain regardless of the situa-
i tion., This type of vrule-following results in a dissociation between level of cognitive " . i
’ fupction and veported mood. y -

Pilot Performance Factors

.
e e

.~

Pilot flight performance was assessed by obtaining inflight aircraft status data for
three flight profiles, a heading altitude, airspeed and time (HAAT) wancuver, a lateral . ]
hover, and a 50-foot ocut-of-ground-effect hover, These three maneuver exercises were .
performed in sequence for the 4-hour flight period. The HAAT maneuver consisted of nine
trials. At the beginning of a trial, the safety pilot would read a set of parameters
to the subject pilot. The subject could then ask for onc repeat or proceed to comply with
the instructions. Upon compliance the subject said “start” gnd maintainsd those param-
eters until he believed he had remched the prescribed time limit. When he acknovwlcdged
the end of the time perlod, 2 new trial was begun. An example of the parameters instruc-
tion would be: “Heading, one-eight-zero degrees; altitude, nine hundred feet; airspeed,
eighty knots; time, twenty seconds.” The lateral hover exercise vequired the subject to
bring the aircraft to & stabilized hover and hover luterally around & rectangular runway,
keepgng the mast of the aircraft over the edge of the runway. At each corvner, the subject
performed a 450-degree pedal turn before continuing. The exercise endsd when the subject
completed the rectangular coutrse by returnin% tc the starting noint. The 50-foot hover
. exercise required the subject to ho er the aircraft into the wind at a perceived altitude

47 of 50 feet above ground level for a peried of 2 minutes.
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Pependent variables analyzed for the flying tasks were:
1. -Absolute difference bety i
s veen t 2adi ‘ i
ctat of solute dif v he instructed heading and the observed heading at the

2. Absolute difference between the

the Start of saep aifere instructed airspeed and the observed airspeed at

3. Absolute difference between the
hotwcon_the start and stop of each trial

R

instructed time and the observed elapsed time

The median of heading standard deviations between the start

5. The median of airspeced standard deviations between the start and stop of each trial

6. Tlapsed time for acknowledgment of instructio g "of
and coven) I structions to "start' for trials two, four,

Variables one through three are measures of i i i
' ouglh are s accuracy of compliance with instructed
p?rnwotgrs at the beginning of a trial, Variables four and five are measures of how well
the subject maintained instructed straight and level flight. Variable six is a measure of
subject response latency on changing aircraft flight parameters.

. Statistical analysis of the data collected to assess these variables provided only one
sxgplflcant.comparlson differentiating betwzen suits on the basis of performance; that of
median heading error at the start of the straight and level flight (p=.01). All other
comparisons were nonsignificant. Further testing on the median heading error measure
revealed that the significance of this difference could not be attrituted to any one
ensemble and thus was judged to have no practical effect. A review of data of the two
subjects who were terminated for exceeding heat safety criteria whiie in the US ensemble
also revealed satisfactory flight performance just prior to termination. 1In fact, the
performance immediately before termination was not distinguishable from flight performance
measured earlier in the day.

In review of the results of this exercise, three of the six sutijects wearing the US
ensemble were moderately heat stressed as judged by heart rates and rectal temperatures
and either quit or were terminated by the medical observer. All other subjects flew the
prescribed 4-hour mission or were prevented from doing so by aircraft maintenance problems
or adverse weather. One of this group was also terminated (UK ensemble) for convergence
between chest and core temperature when in fact his core temperature¢ and heart rate showed
no sign of heat stress. This event reemphasized to the research team that the judgment
call on whether a pilot is becoming stressed involves a pattern recognition of many factors
including rectal temperature, heart rate, and skin temperature. As the study progressed,
it became obvious that the heart rate changed rapidly as a subject interacted with his
environment and that heat stress tended to bias the heart rate upward on a more continuous
basis.

Those aviators in this study who were heavier for their height and older than 29 were
found to be more susceptible to heat stress than their younger, lighter counterparts.
This observation is consistent with comments made by Goldman?® in reviewing predictors
of heat strain and Myhre's?% findings that those who completed the task of rapid runway
repair while wearing CD ensembles in hot wcather were younger and in better physical
shape as mcasured by aerobic capacity.

The safety limits of HR > 140 bpm for 15 minutes or rectal temperature > 38.5°C or
convergence to within 0.5°C of mean skin temperature and rectal temperature were more
conservative than normally used in stress research because of extva concerns for safety
in the inflight environment. Their a priori selection narrowed the range of possible
responses to such an extent that in two of the cases where aviatcrs were terminated for
high heart rate it was apparent that they could have flown longer. Thus, none of the
aviators, except for the aviator who quit, were severely heat stressed. Nonetheless,
consistent patterns represented in these data do suggest that CD cnsembles cause increased
rectal temperatures and heart rates in aviators during hot weathcr and that the US ensemble
is somewhat more stressful.

Water was given to all aviators on each flight. It is our opinion that the water
was generally beneficial and that drinking regularly helps to forcstall the inevitable
heat stress which these ensembles will impose in a hot environmernt during flight training
or during combat. However, since water was not withheld as a cont+eil, there is no clgar
evidence within this study to substantiatc this general feeling. On Phe other hand, it
is quite clear that exposure to high radiant heat loads outside the aircraft combined with
the muscular activity of walking to the rest arca during the refueling break resulted in
an increase in stored cnergy in many of the subjects. Additional work, such as arming or
refucling, would cxacerbate this problem and result in susceptible aviators becoming
casualties sooner.

and stop for each tri:.1.
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_A?alysis of the cognitive data obtained during this exercise did not support the
position that psychological/psychometor function varies systematically with the type of
ensemhle worn while flving. Nonetheless, as with the physiological data, information
obtained from this work in the field setting does serve to con%irm the applicability of
previcus laboratory research findings of heat stress to the aviarion environment.

The finding that there were no practical differences in pilor performance while wear-
ing the ST suit, the US, and UK CD ensembles is significant. In addition to this, it
should be noted that performance during normal flight did not serve as a predictor
or indicator of heat stress, Although the criteria used for termination were admittedly
conservative, subjects experienced heat stress only in the US CD ensemble, and they were
able to maintain performance up to the peint of reaching terminatioen criterien. This
finding is supported by the fact that tge US ensemble has the highest CLO (insulstion)
vailue of the three ensembles tested,

CONCLUSTONS

Generally, the subjects were not stressed in this study to the extent that they would
have been in an operational scenarjo. The approach was basically conservative to jasure
the health and safety of the aircrew, However, physiological indicants of stiess, par-
ticularly heart rate and to some extent core temperature, Seel to be sensitive measures
of heat loading which may be used as warning signals for aircrew in some operatiomnl
environments. This is consistent with the basic science literature assessing the effects
of heat stress on physiological function. Cognitive and aviation performance on the other
hand do not provide sufficient lead time before the onset of physiclogical systemic hest
load to be very effective as alerting mechanisms,

Substantial research is still required assessing performance, cognitive and physiolog-
ical factors under heat stress and during sustsined operations to effectively assess
the full predictive validity of these measures. Further work must be directed at
obtaining data under conditions where the subject is placed under a more realistic and
extensive work/exercise load in order to predict aircrew stayimg power in the chemically
contaminated battlefield environment.
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DISCUSSION
COL DR PRICE (US)

unld vou please confirm that the limit te the pulse rate at which you terminated a flight was a rate
of 140 beats per minute sustained for 15 minutes? Would you also comment please on the flights
which were terminated because the skin temperature reached within 0.5°C of the core temperature?

AUTHOR'S REPLY

Yes, you are correct with respect to the points at which we terminated the flights. In retrospect
we were unduly cautious. We certainly need not have terminated the flight in the UK ensemble
in which skin temperature reached 0.5°C of the core temperature,

I E HOWARD (UK)

You reported that 3 subjects were withdrawn vhen wearing the US equipment. Were these 3 subjects
also tested wearing the UK suit? If so, were there differences attributable to the equipment?

AUTHOR'S REPLY

The experiment was designed as a cross-over study and the same subjects wore both the US and the UK
ensemble in turn. We found that the physiological changes were less severe with the UK ensemble.
The subjective reports also showed that the UK enscmble was much preferred. The subjects tolerated

the fairly hot environment far better when using the UK ensemble than vhen they wore the US
equipment.

DR L € BOER (NL)

You showed cognitive performance on one of your slides but did not present any results. Were the g
results not worth showing?

AUT{IOR'S REPLY

As I stated during the presentaticn, analysis of the performance assessment battery (psychological
and psychomotor tasks) data failed to differentiate between the test conditions, i.e. ensemble, etc.
However, when subjects were grouped according to the level of heat stress regardless of the ensemble
worn, trends similar to those reported in the classic heat stress literature were evident; but

they were not statistically significant.

PR A RIECK (CE)

I would like to proposc that you should compare the pulse rate responses in tzrms of relative
values, i.c¢. percentage of the individual starting value. This approach would eliminate the effects j
of variations in the starting pulse rates.




